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(57) ABSTRACT

An aircraft window member includes film made of acrylic
resin, a conductive mesh, which is formed on the film and in
which a conductive material, is formed in a mesh shape so as
to have optical transparency for ensuring visibility and to
have electromagnetic-wave shielding properties, and a win-
dow main body, which is made of acrylic resin, and to which
the film on which the conductive mesh is formed is attached.
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AIRCRAFT WINDOW MEMBER, METHOD
OF MANUFACTURING THE SAME, AND
AIRCRAFT WINDOW ASSEMBLY

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to an aircraft window mem-
ber, a method of manufacturing the same, and an aircraft
window assembly.

II. Description of the Related Art

In order to ensure visibility outside an aircraft for the crew
and passengers in the aircraft, aircraft window members are
frequently used for canopies and cabin windows, for
example. Endowing such aircraft window members with
electromagnetic-wave shielding properties has been exam-
ined in order to avoid penetration of harmful electromagnetic
waves from the outside of the aircraft or to prevent electro-
magnetic waves originating in the aircraft from leaking to the
outside.

A known example of such aircraft window members hav-
ing electromagnetic-wave shielding properties is described in
Japanese Unexamined Patent Application, Publication No.
2005-104310 (FIG. 5). Japanese Unexamined Patent Appli-
cation, Publication No. 2005-104310 (FIG. 5) discloses a
manufacturing method in which a metal mesh for electromag-
netic-wave shielding is formed on a film and is then attached
to a window main body.

SUMMARY OF THE INVENTION

However, when polyethylene terephthalate (PET), which
is generally used for a resin film, is applied to the above-
mentioned aircraft window members, the following problems
arise.

Acrylic resin is used for the window main body of each of
the aircraft window members, and acrylic resin and PET have
alarge difference in thermal expansion coefficient. Therefore,
when heat treatment is applied after the film is attached to the
window main body, wrinkles may occur due to the difference
in thermal expansion coefficient. Furthermore, the film may
be peeled from the window main body during the operation of
the aircraft because of a large temperature difference between
when it is on the ground and when it is flying, which is
undesirable in terms of durability.

The present invention has been made in view of those
circumstances, and an object of the present invention is to
provide an aircraft window member excellent in durability, a
method of manufacturing the same, and an aircraft window
assembly.

In order to solve those problems described above, the air-
craft window member, the method of manufacturing the
same, and the aircraft window assembly of the present inven-
tion employ the following solutions.

Specifically, an aircraft window member according to the
present invention includes: a film made of acrylic resin; a
conductive mesh which is formed on the film and in which a
conductive material is formed in a mesh shape so as to have
optical transparency for ensuring visibility and to have elec-
tromagnetic-wave shielding properties; and a window main
body which is made of acrylic resin and to which the film on
which the conductive mesh is formed is attached.

Since the window main body and the film are made of
acrylic resin, they have an equivalent thermal expansion coef-
ficient. Therefore, even when they are heated and cooled
during manufacturing, hardly any wrinkles occur. Further-
more, although the aircraft window member is exposed to a
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large change in temperature during the operation of the air-
craft, since there is no difference in thermal expansion coef-
ficient between the window main body and the film, peeling
of'the film almost never occurs, thus improving the durability.

Further, the aircraft window member according to the
present invention may have a configuration in which an adhe-
sive layer is formed between the film on which the conductive
mesh is formed and the window main body; and the adhesive
layer is made of urethane adhesive.

Although polyvinyl butyral (PVB) is generally used as
adhesive for laminated glass used in vehicles etc., PVB is not
preferable in terms of its adhesive strength with acrylic resin.
In contrast, urethane adhesive has sufficient adhesive strength
to bond the film made of acrylic resin to the window main
body made of acrylic resin. It is preferable that film-like
polyurethane be used as the urethane adhesive used in the
present invention.

Furthermore, according to the aircraft window member of
the present invention, the conductive mesh formed on the film
may be located between the film and the window main body.

Since the conductive mesh formed on the film is located
between the film and the window main body, the conductive
material of the conductive mesh and the adhesive layer are
brought into direct contact. Urethane adhesive is used as the
adhesive layer, and the urethane adhesive does not include
plasticizer, unlike PVB. Therefore, a reaction does not occur
between the conductive material of the conductive mesh and
the adhesive layer, and there is no adverse influence on the
optical transparency of the window member.

Furthermore, the aircraft window member according to the
present invention may have a configuration in which the
conductive mesh is located above the window main body with
the film therebetween; and a protective layer is formed on the
conductive mesh in such a manner as to provide an exposed
region used for an electrical connection at an edge portion of
the conductive mesh.

When the conductive mesh formed on the film does not
face the window main body but is located at the side opposite
to the window main body with the film therebetween, it is
necessary to laminate the protective layer to protect the con-
ductive mesh. If the exposed region which is not covered with
the protective layer is provided at the edge portion of the
conductive mesh when the protective layer is laminated, it is
possible to obtain an electrical connection for electromag-
netic-wave shielding by using the exposed region for the
electrical connection.

Furthermore, an aircraft window assembly according to the
present invention includes: any of the aircraft window mem-
bers described above; and a window frame which holds the
aircraft window member.

Since any of the aircraft window members described above
is included, the aircraft window assembly excellent in dura-
bility can be provided.

Furthermore, an aircraft-window-member manufacturing
method according to the present invention includes attaching
afilm that is made of acrylic resin and that holds a conductive
mesh in which a conductive material is formed in a mesh
shape so as to have optical transparency for ensuring visibility
and to have electromagnetic-wave shielding properties, to a
window main body made of acrylic resin.

The aircraft window member can be simply manufactured
just by attaching the film to the window main body. Even
when the window main body has a curved face, the film can be
easily attached thereto because the film has flexibility.

Since the window main body and the film are made of
acrylic resin, they have an equivalent thermal expansion coef-
ficient. Therefore, even when they are heated and cooled
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during manufacturing, hardly any wrinkles occur. Further-
more, although the aircraft window member is exposed to a
large change in temperature during the operation of the air-
craft, since there is no difference in the thermal expansion
coefficient between the window main body and the film,
peeling of the film almost never occurs, thus improving the
durability.

Furthermore, in the aircraft-window-member manufactur-
ing method according to the present invention, the film may
be attached to the window main body after an adhesive layer
made of urethane adhesive is provided on the window main
body.

Although polyvinyl butyral (PVB) is generally used as
adhesive for laminated glass used in vehicles etc., PVB is not
preferable in terms of its adhesive strength with acrylic resin.
In contrast, urethane adhesive has sufficient adhesive strength
to bond the film made of acrylic resin to the window main
body made of acrylic resin.

Furthermore, in the aircraft-window-member manufactur-
ing method according to the present invention, the film may
be attached to the window main body so as to locate the
conductive mesh between the film and the window main
body.

Since the conductive mesh formed on the film is located
between the film and the window main body, the conductive
material of the conductive mesh and the adhesive layer are
brought into direct contact. Urethane adhesive is used as the
adhesive layer, and the urethane adhesive does not include
plasticizer, unlike PVB. Therefore, a reaction does not occur
between the conductive material of the conductive mesh and
the adhesive layer, and there is no adverse influence on the
optical transparency of the window member.

Furthermore, the aircraft-window-member manufacturing
method according to the present invention may have a con-
figuration in which the film is attached to the window main
body so as to locate the conductive mesh above the window
main body with the film therebetween; and a protective layer
is formed on the conductive mesh in such a manner as to
provide an exposed region used for an electrical connection at
an edge portion of the conductive mesh.

Since the exposed region used for an electrical connection
is provided at the edge portion of the conductive mesh, an
electrical connection for electromagnetic-wave shielding can
be obtained.

According to the present invention, the following advan-
tages are obtained.

Since the window main body and the film are made of
acrylic resin, an aircraft window member having high dura-
bility can be provided.

Since urethane adhesive is used to bond the film and the
window main body, they can be firmly bonded. Even when the
adhesive layer and the conductive layer are brought into direct
contact, the transmittance for ensuring visibility is not
reduced.

When the protective layer is laminated on the conductive
mesh, the exposed region is provided at the edge portion of
the conductive mesh so as to obtain an electrical connection.
Therefore, electromagnetic waves can be reliably shielded.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing an aircraft window
member according to a first embodiment of the present inven-
tion.

FIG. 2 is a partial cross-sectional view showing an edge
portion of the aircraft window member shown in FIG. 1.
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FIG. 3 is a cross-sectional view showing part of a process
of manufacturing the aircraft window member shown in FIG.
2.

FIG. 4 is a partial cross-sectional view showing an edge
portion of an aircraft window member according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described
below with reference to the drawings.

First Embodiment

A first embodiment of the present invention will be
described below with reference to FIGS. 1 to 3.

FIG. 1 shows an aircraft window member used for a cabin
window, for example. Note that an aircraft window member 1
shown in FIG. 1 is flat, but it may be curved depending on the
position at which it is installed.

The aircraft window member 1 includes a window main
body 3 serving as a base, a film 5 attached to the window main
body 3, and a conductive mesh 7 formed on the film 5. With
the conductive mesh 7, the aircraft window member 1 has
electromagnetic-wave shielding properties and also has opti-
cal transparency to ensure visibility. For example, the trans-
mittance for visible light is about 90%.

FIG. 2 is a partial cross-sectional view showing an edge
portion of the aircraft window member 1.

As shown in FIG. 2, the film 5 and the conductive mesh 7
are laminated in this order on the window main body 3, with
an adhesive layer 9 therebetween.

The window main body 3 is made of acrylic resin, more
specifically, polymethyl methacrylate resin (PMMA).

The film 5 is made of acrylic resin, more specifically,
polymethyl methacrylate resin (PMMA). In short, the same
material as for the window main body 3 is used for the film 5.
The thickness of the film 5 is 125 pm, for example.

The conductive mesh 7 is formed in a lattice. A preferable
conductive material therefor is metal, and copper is used in
this embodiment. The line width of the conductive mesh 7 is
about 10 um, the thickness thereof is about 10 pm, and the
pitch thereof is about 300 um. Such a line width, thickness,
and pitch achieve both of electromagnetic-wave shielding
properties and visibility.

The adhesive layer 9 is made of urethane adhesive. Film-
like polyurethane is used as the urethane adhesive. After
bonding, the adhesive layer 9 flows into the space between the
film 5 and the conductive mesh and directly contacts the
conductive material (copper) of the conductive mesh 7 to
cover the region therearound.

Next, a method of manufacturing the aircraft window
member 1 having the above-described structure will be
described.

First, a copper thin film is laminated on one face of the film
5 by a plating method, for example. The thickness of the
copper thin film is 10 pm, for example. Then, a resist film is
formed on the surface of the copper thin film. Next, the resist
film is exposed to light with a resist pattern and is then
developed to form a mesh-shaped mask on the surface of the
copper thin film. In this state, the copper is etched by using
etchant and then the resist pattern is removed, thereby form-
ing the mesh-shaped conductive mesh 7. In this way, the film
5 having the conductive mesh 7 is obtained as indicated by
reference numerals 5 and 7 in FIG. 3.
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After the adhesive layer 9, which is made of sheet-like
urethane adhesive, is provided on the window main body 3,
the film 5 is attached such that the conductive mesh 7 faces the
window main body 3.

Next, heat treatment is applied by using an autoclave,
thereby hardening the adhesive layer 9 to fix the film 5 to the
window main body 3. The treatment conditions using the
autoclave are set as follows: the temperature is 85° C. to 95°
C., the pressure is 1.03 MPa, and the treatment time is 1 hour.

The aircraft window member 1 is obtained after being
taken out from the autoclave and cooled.

The aircraft window member 1, manufactured as described
above, is then fitted into a window frame or the like, thereby
obtaining an aircraft window assembly.

According to the aircraft window member 1 of this
embodiment, the following advantages are obtained.

The aircraft window member 1 can be simply manufac-
tured just by attaching the film 5 on which the conductive
mesh 7 is formed to the window main body 3. Even when the
window main body 3 has a curved face, since the film 5 on
which the conductive mesh 7 is formed has flexibility, the film
5 can be easily attached to the window main body 3.

Since the window main body 3 and the film 5 are made of
acrylic resin to have an equivalent thermal expansion coeffi-
cient, hardly any wrinkles occur on the film 5 even when they
are heated by the autoclave during manufacturing and cooled
thereafter.

Although the aircraft window member 1 is exposed to a
large change in temperature during the operation of the air-
craft, since there is no difference in thermal expansion coef-
ficient between the window main body 3 and the film 5,
peeling of the film almost never occurs, thus improving the
durability.

Since urethane adhesive is used as the adhesive layer 9, it is
possible to firmly bond the window main body 3 and the film
5, which are made of acrylic resin.

Since urethane adhesive does not include plasticizer,
unlike polyvinyl butyral (PVB), even when it directly con-
tacts the copper of the conductive mesh 7, a reaction does not
occur and there is no adverse influence on the optical trans-
parency of the window member.

Second Embodiment

Next, a second embodiment of the present invention will be
described with reference to FIG. 4.

FIG. 4 is a partial cross-sectional view showing an edge
portion of an aircraft window member 1' according to this
embodiment.

In this embodiment, unlike the first embodiment, when the
film 5 on which the conductive mesh 7 is formed is attached
to the window main body 3, the conductive mesh 7 faces
upward in FIG. 4, instead of facing the window main body 3.
Therefore, the window main body 3, the adhesive layer 9, the
film 5, and the conductive mesh 7 are laminated in this order
from the bottom in FIG. 4. Since the materials and the shapes
of the window main body 3, the adhesive layer 9, the film 5,
and the conductive mesh 7 are the same as those in the first
embodiment, a description thereof will be omitted.

A protective layer 11 for protecting the conductive mesh is
laminated on the conductive mesh 7. A film made of acrylic
resin is used as the protective layer 11. The conductive mesh
7 and the protective layer 11 are bonded by polyvinyl acetate
adhesive.

An exposed region 13 which is not covered with the pro-
tective layer 11 is provided at an edge portion of the conduc-
tive mesh 7. The exposed region 13 is used to obtain an
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external electrical connection when the aircraft window
member 1' is fitted into a window frame to form a window
assembly.

The aircraft window member 1' having the above-de-
scribed structure is manufactured as follows.

Since a process of forming the conductive mesh 7 on the
film 5 is the same as that in the first embodiment, a description
thereof will be omitted.

The protective layer 11 is attached to the conductive mesh
7 formed on the film 5.

The film 5 on which the conductive mesh 7 is formed is
attached to the window main body 3. At this time, with regard
to the window main body 3 on which the sheet-like adhesive
layer 9 is placed, the film 5 is brought into contact with the
adhesive layer 9, with the conductive mesh 7 facing upward in
FIG. 4 instead of facing the window main body 3.

As in the first embodiment, the adhesive layer 9 is ther-
mally-hardened by the autoclave and cooled, thereby obtain-
ing the aircraft window member 1'.

The aircraft window member 1' thus manufactured is then
fitted into a window frame or the like, thereby obtaining an
aircraft window assembly.

According to the aircraft window member 1' of this
embodiment, the following advantages are obtained in addi-
tion to the advantages obtained in the first embodiment.

Since the exposed region 13, which is not covered with the
protective layer 11, is provided at the edge portion of the
conductive mesh 7 when the protective layer 11 is laminated
on the conductive mesh 7, the exposed region can be used for
an electrical connection. Therefore, when the aircraft window
member 1' is fitted into a window frame to form an aircraft
window assembly, it is possible to obtain an external electri-
cal connection to reliably shield electromagnetic waves.

In each of the embodiments described above, copper is
used as the material of the conductive mesh 7. However, the
present invention is not limited to the use of copper. For
example, gold, silver, aluminum, nickel, titanium, or tin may
be used.

The invention claimed is:

1. An aircraft window member comprising:

a film made of polymethyl methacrylate resin, and the film

has flexibility;

a conductive mesh disposed on the film, and in which a
conductive material is disposed in a mesh shape so as to
have optical transparency for ensuring visibility and to
have electromagnetic-wave shielding properties; and

a window main body made of polymethyl methacrylate
resin and to which the film on which the conductive
mesh is disposed is attached.

2. An aircraft window member according to claim 1,
wherein an adhesive layer is disposed between the film on
which the conductive mesh is disposed and the window main
body; and

the adhesive layer is made of urethane adhesive.

3. An aircraft window member according to claim 2,
wherein the conductive mesh disposed on the film is between
the film and the window main body.

4. An aircraft window member according to claim 1,
wherein the conductive mesh is above the window main body
with the film therebetween; and

a protective layer is disposed on the conductive mesh so as
to provide an exposed region for an electrical connection
at an edge portion of the conductive mesh.

5. An aircraft window assembly comprising:

an aircraft window member according to claim 1; and

a window frame holding the aircraft window member.
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